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DYNAMICS OF THE AlMOSPHERE AND NOCTILUCENT CLOUDS 

8.  A. Mirtov ., 

ABSTRACT 

The report  considers t h e  ex is t ing  data  on the dynamic 

processes i n  the upper atmosphere. 

the atmosphere mixing a t  the a l t i t udes  of 60-100 km i s  the 

process of an intensive large-scaled turbulent  mixing. It is 

s ta ted  t h a t  the dust l ayer  i n  the nocti lucent cloud zone can- 

not  be s table .  The turbulent mixing hinders t he  formation of 

a narrow stable dust layer  a t  the mesopause l e v e l  and promotes 

the formation of a cloud layer of i ce  or ig in .  

The defining process f o r  

LE* I n  a discussion of the problems involved i n  the hypotheses of the 

o r i g i n  of nocti lucent clouds it i s  necessary t o  take  in to  account the character  

of atmospheric dynamics i n  the region of the upper mesosphere and lower thermo- 

sphere (60-100 km), because an allowance f o r  t h i s  f ac to r  may shed addi t ional  

. 

l i g h t  on the nature of these clouds. 

We w i l l  consider two well-known and firmly established fac ts :  noct i lucent  

clouds are always observed i n  a narrow layer  with r a the r  c l ea r ly  defined bound- 

aries i n  the  region of heights 75-90 km i n  the zone of the temperature minimum 

(mesopause); intense movements usually are  always recorded i n  the zone of  

*Numbers given i n  margin indicate  pagination i n  or ig ina l  foreign test .  
* 
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noctilucent clouds. 

is  immediately l o s t  from s ight  as,soon as the nature of nocti lucent clouds is  

The la t te r  f ac t ,  although recognized by a l l  invest igators ,  

considered. 

Our knowledge of the dynamics of the high layers  of the atmosphere has 

been considerably supplemented i n  recent years. I n  par t icu lar ,  it has been 

c l a r i f i e d  t h a t  the  decisive fac tor  i n  atmospheric mixing a t  the heights w i t h  

which we a= concerned (60-100 km) i s  a regime of intense large-scale turbulent  

mixing. This conclusion can be drawn from theore t ica l  computations, based on 

the  most general concepts of the re la t ion  of the in t ens i ty  of molecular and 

turbulent mixing'at d i f f e ren t  heights, a s  wel l  a s  from numerous d i r e c t  rocket 

experiments f o r  invest igat ion of winds i n  the high layers of the atmosphere 

(refs .  1-4), experiments on observation of a r t i f i c i a l  nocti lucent clouds ( r e f s .  

5-7) and experiments i n  tracking (,optical and radar  methods) meteor t r a i l s  i n  

the "meteor zone" ( re fs .  8-14). 

It is now c lea r  (refs. 9 and 12-14) t h a t  turbulent formations i n  the re- 

gion of heights 60-100 km a re  "plane eddies," a t ta in ing  100-200 km i n  diameter 

with a thickness of only 5-7 km. The plane of such eddies i s  oriented p a r a l l e l  

t o  the  e a r t h ' s  surface. 

100 m/sec o r  more, and the v e r t i c a l  component i s  9-10 m/sec (ref. 2). 

The horizontal wivd veloci ty  i n  such eddies a t t a i n s  

The 

o r ig in  of eddy formations is possibly associated with wave movements of the in- 

t e r n a l  and planetary waves type (ref. 12). 

temperature s t r a t i f i c a t i o n  of the atmosphem i n  the layer  60-100 km (presence 

of  a temperature inversion) has no e f fec t  on the in t ens i ty  of mixing, 

It i s  important t o  note t h a t  the 

- 

If t h e  appearances of noctilucent clouds are  i n  no way related t o  brief 

in t rus ions  of large quan t i t i e s  of cosmic dust (meteor streams) (refs.  15 and 16), 

it is completely obvious t h a t  a stable narrow dust  layer  cannot be formed within 



the broad region of mixing. The only poss ib i l i t y  of the formation of such a 

layer, which frequently i s  present i n  the dense layers  of the atmosphere, i s  

t h a t  an intense temperature inversion suppresses both convective and turbulent  

transfer of a i r  masses, with the r e su l t  t h a t  pa r t i c l e s  of d i f f e ren t  impuri- 

t ies (dust,  moisture, e tc . )  can accumulate under inversions. 

/89 
\ 

However, under 

conditions of a highly ra ref ied  atmosphere the temperature inversion observed 

over a region of nocti lucent clouds,.as we already mentioned, does not possess 

such a property. Turbulent mixing i n  the considered region of the atmosphere, 

a s  f 0 1 1 0 ~ 6  from the mentioned studies,  the l i s t  of which could be considerably 

expanded, not only does not attenuate with height, but i n t ens i f i e s  considerably, 

a t t a in ing  i ts  m a x i m u m  a t  heights of about 90-100 km, near the l e v e l  of 

grav i ta t iona l  d i f fus ion  separation of gases. 

p a r t i c l e s  a t  these heights is  ins igni f icant  ("parachuting" regime) 

pa r t i c l e s  move along with a l l  rapid a i r  movements, and a s  a r e s u l t  a re  perforce 

carr ied throughout the e n t i r e  layer  .of turbulent  mixing. 

, - 

Since the r a t e  of f a l l i n g  of dust  

the dust  

I n  the  l i g h t  of these comments it i s  appropriate t o  raise the question: 

w h a t  spec i f ic  conditions are necessary f o r  the  s tab le  existence of a layer of 

p a r t i c l e s  of one type or  another i n  the zone of intense mixing? 

Under these conditions the existence of the layer  is  determined by three 

invariable  conditions. 

/ 1. A t  de f in i t e  heights i n  the atmosphere physical conditions must e x i s t  

which d i f f e r  from the conditions a t  adjacent heights, determining the  nature 
-- 

- 
'At heights  of 90 km p a r t i c l e s  with a radius of 0.1 and 0.5 p s e t t l e  a t  a rate 

of 0.8 and 5 m/sec, respectively,  and a t  a height of 80 km, 0.1 and 0.7 m/sec 



of the pa r t i c l e s  i n  a given layer  (ionization, dissociation, condensation, 

e t c . ) .  

2. The pa r t i c l e s  reaching these heights as a r e s u l t  of mixing must ac- 

quire  propert ies  corresponding t o  t h e  spec ia l  physical conditions prevai l ing 

there.  

(ions, atoms, "newtf molecules, condensation products, e t c .  ) w i l l  appear. 

As a r e s u l t ,  a t  the heights of t h i s  layer  pa r t i c l e s  of d i f f e ren t  type8 

3. The'par t ic le ,  when leaving the region of spec ia l  conditions by vir tue 

of  these same m i x i n g  processes, should lose  the propert ies  it has acquired 
~ 

(neutral izat ion,  association, evaporation, e t c .  ) . 
It is  obvious t h a t  f a i l u r e  t o  conform t o  any one of these conditions w i l l  

mean t h a t  no layer is formed. 

I n  approaching an evaluation of the va l id i ty  of the hypothesis of the i c e  
i 

(water) nature of. nocti lucent clouds, it can be noted t h a t  water vapor p a r t i c l e s  

satisfy a l l  requirements formulated above. 

I n  ac tua l i ty ,  water vapor, upon entering the.  region of the temperature 

minimum (mesopause), under favorable conditions i s  condensed there and forms a 

v i s i b l e  cloud layer  (ref. 18). 

them beyond the l i m i t s  of the  condensation region, As soon a s  the cloud par- 

t i c l e s  en te r  a region of higher temperatures (above and below the mesopause), 

Cloud pa r t i c l e s  ex i s t ,  u n t i l  a i r  currents  carry 

they  immediately are  transformed in to  a gaseous s t a t e  and vanish from t h i s  

layer. It goes without saying t h a t  i n  t h i s  case the in t ens i ty  of mixing does 

no t  result i n  washing out of the cloud layer, because the  transformation of 

water vapor in to  i ce  and vice versa takes place v i r t u a l l y  instantaneously upon 

reaching the appropriate c r i t i c a l  temperature, and the  boundaries of the layer 

therefore remain c l ea r ly  defined. 



Since c i rcu la t ion  a t  g rea t  heights occurs by large-scale eddies,  

the cloud pa r t i c l e s  can persist f o r  a rather long t i m e  i n  the region of the t e m -  

perature minimum and there  form the character is t ic  shapes of nocti lucent clouds 

( re f .  19). 

natura l ly  should cause h igh 've loc i t ies  of movement and the development of forms 

of noctilucent clouds, /90 
apparently causes the s t ruc tu ra l  d e t a i l s  of nocti lucent clouds. 

The high ve loc i t ies  of a i r  currents i n  the region of the mesopause 

Nonuniformity of flow i n  the turbulent  movement 

Thus, it can be s ta ted  i n  summary t h a t  the continuous f i e l d  of intense 

turbulence, affect ing the e n t i r e  region of the mesosphere and upper thermosphere 

t o  heights  of about 100 km, is  no obstacle t o  the formation of a cloud layer of 

i ce  o r ig in  i n  the region of the temperature minimum. Even the reverse can be 

said: mixing f a c i l i t a t e s  the forma€ion of t h i s  layer,  carrying i n t o  the region 

of the temperature minimum addi t ional  quant i t ies  of water vapor from the lower 

regions of the atmosphere. A t  the same time, turbulent mixing completely ex- 

cludes the poss ib i l i t y  of the formation of 8 narrow, s tab le  dust layer a t  these 

heights. 

I n  conclusion, s t i l l  another comment may be made. 

condensation of water vapor and the formation of i c e  clouds i s  impossible i n  the 

atmosphere a t  the heights of noctilucent clouds, explanation of the v i s ib l e  layer  

requires  t h a t  some other substance be sought. 

the three conditions mentioned above. However, the poss ib i l i t y  of replacing 

If fo r  any reason the .  

"hie new substance must s a t i s f y  

water vapor by any other substance suitable f o r  the formation Of' noctilucent 

clouds i n  our opinion is  extremely improbable. 
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